A nano-composite of polyaniline with TiO 2 (PANI/TiO 2 ) is prepared using the chemical oxidative polymerization method. The prepared composite is characterized using x-ray diffraction (XRD), transmission and scanning electron microscopes (TEM and SEM), Fourier transform infrared spectroscopy (FTIR), and thermal analysis. XRD and TEM reveal the formation of the orthorhombic phase of PANI/TiO 2 with an average particle size of 8 nm. The FTIR spectrum of the nano-composite shows the presence of characteristic oxide peaks in addition to PANI peaks. Thermal analysis confirms the increased thermal stability of PANI after composite formation. The PANI/TiO 2 composite has been used as a catalyst for Congo red degradation using electrochemical oxidation. Several parameters which affect the percent removal are studied such as pH, electrolysis time, applied current density, and initial dye concentration. The optimum conditions for obtaining the highest possible removal efficiency were determined.
INTRODUCTION
Water pollution is when any substance is added to the water or when the physical properties of water is changed in a way that impedes its use for its usual purposes [1] [2] [3] [4] . One of the most dangerous forms of aqueous pollution is the contamination of water by dyes due to many industries, such as textile, leather, rubber, carpet, etc. [5] . Treatments of dye effluents are difficult and cost ineffective due to their aromatic structures, stability, and non-biodegradability [6] . There are several methods for the removal of dyes from wastewater. These technologies can be divided into three categories: biological, chemical, and physical [7] . In the electrochemical treatment of dye-containing effluents, the organic dyes are destroyed into non-hazardous products, but the cost of electricity use limits the use of the electrochemical removal [8] [9] [10] [11] [12] .
Nano-composites are very interesting materials that have attracted researchers for many decades due to their unique properties which allow for their uses in many useful applications [13] . These attractive properties are due to the well and stabilized dispersion of nano-particles. Thus, in polymer/nano-metal oxide composites, metal oxide nano-particles are dispersed in the polymer matrix. In addition, the use of conducting polymers increases the applicability of these materials due to their easy large scale synthesis and multi-functionality [14] [15] [16] [17] [18] [19] .
Many papers report the electro-oxidation of organic dyes using a variety of nano-oxides as anodes. For example, Wang et al. reported the removal of methylene blue through electrocatalytic degradation using Co doped Ti/TiO 2 nanotube/PbO 2 prepared by a pulse electro-deposition technique [20] . The electrochemical degradation process was studied using steady-state polarization curves, cyclic voltammetry (CV), and electrochemical impendence spectroscopy (EIS In this work, a PANI/TiO 2 nanocomposite, prepared by chemical polymerization in the presence of suspended oxide nano-particles, will be employed as an electrocatalyst for the oxidation of Congo red (CR) dye from aqueous solutions. Parameters affecting the electro-degradation process, such as pH, applied current density, electrolysis time, and initial dye concentration, will be optimized.
EXPERIMENTAL

Chemicals
Titan(IV) butoxide (97%), sodium hydroxide (99%), nitric acid (69%), sulfuric acid (95-97%), sodium chloride (99%), aniline (99.5%), and hexadecyltrimethyl-ammomium bromide (CTAB) are purchased from Sigma Aldrich. Congo red (C 32 H 22 N 6 Na 2 O 6 S 2 ) was bought from Brixworth (Northants, UK). All solutions are prepared using double distilled water.
Preparation of Nano-TiO 2 and PANI/TiO 2 Nanocomposite
Nano-TiO 2 can be prepared using the sol-gel method via the hydrolysis of titan(IV) butoxide. The dried gel is calcinated at 350 °C for 2 h [22] .
The PANI/TiO 2 nanocomposite is prepared by the chemical oxidative polymerization of aniline in the presence of nano-TiO 2 . Nano-oxide particles are dispersed in 10 −3 mol•L −1 of the surfactant solution, CTAB. Then, an aqueous FeCl 3 solution is added while stirring aniline solution in 0.1 mol•L −1 H 2 SO 4 is injected into the solution drop by drop. Nano-composite is filtered, washed, and dried at 80 °C.
Characterizations of PANI/TiO2 Nanocomposite
X-ray diffraction (XRD) is carried out by x-ray diffractograms (Shimadzu, XRD-7000, Japan) at 40 kV and 30 mA, using a CuK α incident beam (λ = 0.154 nm).
The morphology is examined using scanning electron microscopy (Superscan SS-550, Shimadzu, Japan) and transmission electron microscopy (JEOL JEM 1400, Japan).
Samples are recorded on Fourier transform infrared spectroscopy (FTIR) IR Affinity-1S, Shimadzu, Japan). Thermal analysis of preheated samples is performed by a Q600 TA Instrument at a heating rate of 10 C/min from 200 C to 900 C.
The remaining concentration of CR, measured at λ max of 498 nm, is determined by a UV-VIS spectrophotometer (Evolution 300 UV-VIS, Thermo Scientific, Germany). The percent removal of the dye can be calculated according to where C 0 and C e are initial and equilibrium dye concentrations (mg•L −1 ), respectively.
COD is measured using a COD reactor and a spectrophotometer (DR/5000, Hach, USA). The COD percent removal is calculated using the following formula
where COD 0 is the COD of the initial concentration and COD t is the COD at a given time (t).
Dye Removal by Electro-Oxidation
A graphite disc electrode (d = 0.5 cm) is used as a support for a PANI/TiO 2 composite and acts as an anode while a parallel steel rod (d = 0.6, L = 2 cm) acts as the cathode. These electrodes are separated from each other by a constant distance of 20 mm, connected to a 5 A, 10 V DC power supply, and placed in an 80 mL NaCl solution as a supporting electrolyte. The solution was kept under agitation using a magnetic stirrer for 30 min. Figure 1 shows XRD patterns of nano-TiO 2 (black line) and its composite with PANI (red line). Diffraction peaks are compared with the Joint Committee on Powder Diffraction Standards, JCPDS card of TiO 2 (card number 00-015-0875). Results confirm the formation of the pure orthorhombic phase of TiO 2 which has a crystalline structure. Therefore, PANI peaks cannot be observed. The oxide structure is not affected by forming a composite with PANI. Characteristic peaks of PANI at 2θ = 25-35° [23, 24] cannot be observed clearly due to the amorphous nature of the polymer. The average particle size can be calculated using Debye-Scherrer's equation [25] . The calculated particle size values are 6.5 and 8.1 nm for TiO 2 and its composite with PANI, respectively. Structural parameters such as the lattice parameter, lattice volume, and theoretical density are calculated from XRD data and listed in decreased surface area of the composite with respect to the oxide can be due to the increased particle size of the composite having the core-shell structure where the nano-oxide particle acts as a nucleus for polymer growth. The orthorhombic phase can be clearly observed for TiO 2 oxide and its composite with PANI. The calculated average particle size values are 6.5 and 7.9 nm, respectively. These results are comparable with those obtained by XRD analysis. Figure 2 shows SEM photos of the (a') TiO 2 and (b') PANI/TiO 2 composite. Orthorhombic grains are seen for the oxide while an amorphous and rough surface is characteristic for the PANI/TiO 2 composite. From energy dispersive X-rays (EDX) analysis, the nitrogen percentage in the composite is 3.6%, confirming the presence of PANI in the composite.
RESULTS AND DISCUSSION
Structural, Surface, and Thermal Characterizations of the PANI/TiO
The FTIR spectra for the PANI and PANI/TiO 2 composite are showed by Figure 3 . Standard FTIR peaks for PANI appear at 1582 and 1120 cm −1 which indicate quinone ring absorption. Peaks located at 1289 cm −1 correspond to C-N stretching, and peaks at 1492 and 801 cm −1 indicate benzene ring absorption [26] . On the other hand, the FTIR spectrum for the nano-composite shows an additional peak of the TiO vibration band at 507 cm −1 [27] . The thermal gravimetric analysis (TGA) curve for PANI and its nano-composite are presented by Figure 4 . It is well known that TiO 2 is thermally stable over the studied temperature range [28] . On the other hand, PANI decomposes sharply at 404 °C (Figure 4 ). On examining TGA curves, it can be observed that the PANI nano-composite has higher thermal stability than pure PANI, as indicated by the decreased weight loss, reflecting its applicability for use at elevated temperatures. The percentage of PANI in the composite can be calculated by comparing weight loss at the degradation temperature of PANI for both PANI and PANI/TiO 2 samples. It is found that 12% of the composite consists of PANI, suggesting a thin shell polymer/core nano-oxide structure. 
Removal of Organic Dye Pollutants Using PANI/TiO2 Nanocomposite via Electro-Oxidation
In this section, it will be discussed how CR dye will be removed from aqueous solutions by using a PANI/TiO 2 nanocomposite as an electrocatalyst for electro-oxidation. Several parameters affecting the percent removal, such as pH, electrolysis time, applied current density, and initial dye concentration, will be investigated.
pH and Electrolysis Time Effects
The electrochemical degradation of CR by the electro-oxidation on the PANI/TiO 2 nanocomposite has been studied in the pH range from 4 to 10. The electrolysis is carried out by applying a current density of 1.7647 A•m −2 for an initial dye concentration of 200 mg L −1 at room temperature. Figure 5 shows the variation of percentage of dye removal with the electrolysis time at different pH values of CR solution. The percent removal increases with time; the maximum percent removal of CR dye is obtained at an electrolysis time of 30 min. At a further electrolysis time, there is no predominant enhancement in the percent removal value. Moreover, the percent removal for CR dye is high and close to 100% in acidic and neutral media, while it sharply decreased in basic media. This can be explained because, in the acidic solution, chloride ions are reduced to chlorine. The latter is a wellknown oxidizing agent which facilitates dye degradation by oxidation [29] [30] [31] [32] . On the other hand, the presence of chlorate/perchlorate ions (at the expense of chlorine formation) is the key reason for the decreased percent removal in an alkaline medium. 
Effect of the Applied Current Density
Different current densities were applied to the graphite electrode coated with PANI/TiO 2 composite to investigate the influence of current density on the electrochemical degradation of CR at an initial dye concentration of 200 mg•L −1 , under a neutral condition (pH = 7) and in room temperature. Figure 6 shows the variation of the percent removal for CR with the electrolysis time at different applied current density values. It can be shown that the percent removal increased when increasing the applied current density. Because the formation of oxidants such as chlorine/hypochlorite and hydroxyl radicals is facilitated by higher current densities [29] . It can be noticed that, at higher current densities (>1.7647 A•m −2 ), the degradation percent attained an almost constant value. Figure 7 . The variation of the percent removal of CR dye and the electrolysis time at different initial dye concentrations, in a pH of 7, and under an applied current density of 1.7647 A•m −2 . Figure 7 shows the variation of the degradation rate expressed as the percent removal of CR dye with the electrolysis time at different initial dye concentrations. There is a decrease in the percent removal with increasing initial dye concentrations. This is due to the increased number of intermediates produced at higher dye concentrations which compete with the adsorption and/or the electro-oxidation of CR at the anode surface and, thus, affect the percent removal [20] . However, this decrease in the percent removal value is not significant. It decreased from 98 to 80% after increasing CR concentrations from 100 to 350 mg•L −1 at the optimum electrolysis time of 30 min. This is considered as an advantage to the presented nano-PANI/TiO 2 electrocatalyst. In addition to absorbance data, the percentage of dye removal has also been calculated from COD data at different parameters affecting the electro-oxidation process. Table 2 
Effect of the Initial Dye Concentration
CONCLUSIONS
 PANI/TiO 2 nanocomposite is successively prepared by the chemical oxidation of the monomer in the suspended oxide solution.
 XRD and TEM confirm the formation of the nano-composite with an orthorhombic structure and average particle size of 8 nm. SEM images show that the surface roughness and compactness of nano-oxide increases by forming a composite with PANI.  The removal of CR by the electro-oxidation, using PANI/TiO 2 composite as an anode, has been done successfully in aqueous solutions.  Critical parameters affecting the electro-oxidation process such as pH, applied current density, electrolysis time, and initial dye concentration are optimized. The best conditions that result in the highest percent removal are a pH of 7, an electrolysis time of 30 min, and a current density 1.7647 of A•m −2 .
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